Abstract Depression prevalence is known to vary by individual factors (gender, age, race, medical comorbidities) and by neighborhood factors (neighborhood deprivation). However, the combination of individual-and neighborhood-level data is rarely available to assess their relative contribution to variation in depression across neighborhoods. We geocoded depression diagnosis and demographic data from electronic health records for 165,600 patients seen in two large health systems serving the Denver population (Kaiser Permanente and Denver Health) to Denver's 144 census tracts, and combined these data with indices of neighborhood deprivation obtained from the American Community Survey. Non-linear mixed models examined the relationships between depression rates and individual and census tract variables, stratified by health system. We found higher depression rates associated with greater age, female gender, white race, medical comorbidities, and with lower rates of home owner occupancy, residential stability, and higher educational attainment, but not with economic disadvantage. Among the Denver Health cohort, higher depression rates were associated with higher crime rates and a lower percent of foreign born residents and single mother households. Our findings suggest that individual factors had the strongest associations with depression. Neighborhood risk factors associated with depression point to low community cohesion, while the role of education is more complex. Among the Denver Health cohort, language and cultural barriers and competing priorities may attenuate the recognition and treatment of depression.
Introduction
Depression is the most common mental disorder, affecting more than 26% of adult Americans [1] during their lifetimes, and is the second leading cause of disability worldwide [2] . A variety of individual-level demographic, clinical and behavioral risk factors are associated with depression, including gender (depression prevalence in women is double that in men), race (prevalence is higher in white non-Hispanic race), chronic diseases (e.g., higher in those with diabetes, cancer, cardiovascular disease, asthma, and obesity) [3] , and unhealthy behaviors (e.g., physical inactivity, smoking, excessive drinking, and insufficient sleep). The role of community-level factors in conferring risk for depression is less well understood, although neighborhood deprivation has been hypothesized as a contributor [4] [5] [6] . Measures of neighborhood deprivation typically include poor economic status (family poverty rate, unemployment, public assistance, households led by a single mother), low educational attainment (high school education or lower), housing instability (residents living in the same house less than 1 year, non-owner-occupied houses), the percent of foreign born residents, and serious crime rate.
Depression and other mental health disorders are consistently identified as high priorities for action by community members, and local public health agencies, faced with a dearth of neighborhood-level surveillance data on depression and other mental disorders, are keenly interested in identifying and addressing variation in depression prevalence within their jurisdictions.
The present study used individual-level demographic and diagnostic data from two large healthcare systems, combined with community-level data from the 2010 census [7] , to examine the individual, health system and neighborhood factors associated with depression prevalence across census tracts within the city and county of Denver, Colorado. The goal of this study was to assess the feasibility of combining electronic health record (EHR) and census tract data for use by the local public health department in identifying factors associated with neighborhood-level variations in depression prevalence. The combination of individual-level and neighborhood-level data may provide a more robust evaluation of the relative contribution of such factors to variations in depression across neighborhoods. We also assessed whether data from these sources could confirm or replicate known associations between individual and community characteristics and depression, which would provide reassurance that the data have utility for public health surveillance.
Methods

Setting
The City and County of Denver, Colorado's state capital, has a population of about 650,000 individuals, including about 516,000 adults, living within 144 census tracts, with a large minority population of Hispanic/ Latinos (24%). Two large healthcare organizations, Kaiser Permanente (KP) of Colorado with more than 110,000 members in Denver County (650,000 in total) and Denver Health (DH), which cares for more than 200,000 individuals, collectively provide health care for nearly 40% of residents in Denver County. The two systems serve different subgroups of the Denver population. KP is a managed care organization offering services primarily to employed individuals and their families while DH is a safety-net organization serving a more economically challenged population, the majority of whom are on Medicaid. Following implementation of the Affordable Care Act in 2013, KP enrolled a substantial number of new patients through the Colorado healthcare exchange and state Medicaid program.
Data Sources
Both KP and DH have EHR systems containing diagnostic data recorded by clinicians after each encounter. Data extracted from the EHRs are stored in a common data model, the Virtual Data Warehouse (VDW), originally developed by the Health Care Systems Research Network and are a standard for participation in the Colorado Health Observation Regional Data Service [8] , a regional distributed research network that uses PopMedNet [9] query technology implemented in several large federal initiatives [10, 11] .
This study included adults ≥18 years of age who had at least one outpatient visit for medical or mental health care in either system between January 1, 2011 and December 31, 2012. Individual-level demographic data (i.e., age, gender, race/ethnicity, and residential address) were retrieved from the VDWs at DH and KP. The cohort of patients with depression included unique individuals with at least one depression diagnosis code recorded during an outpatient visit (ICD-9: 296.x, 298,0301.4, 309.x, 311-major depressive disorder, dysthymic disorder, adjustment disorder with depressed mood, and depression not elsewhere classified) over the 2-year period. Diagnosis codes for common chronic health conditions were also obtained in order to calculate a measure of medical comorbidity, the Chronic Condition Index [12] . In addition, individuals were required to have a residence address in order for us to perform analyses exploring the association neighborhood and demographic and clinical characteristics. Thus, all homeless individuals were excluded.
Neighborhood-level data (by census tract) were obtained from the American Community Survey (ACS) which uses 2010 US census data [13] . We chose several ACS variables representing neighborhood deprivation, including median household income, unemployment rate, serious crime rate, and the percent of: individuals at the same residence for at least 1 year (residential stability), foreign born residents, individuals with a high school diploma, households on public assistance, households <100% of federal poverty level, households led by a single mother, and housing units that are owner occupied. These were a subset of variables used to create a neighborhood deprivation index [4] . Some variables in the index were not used because they were unavailable from the ACS (e.g., no telephone, incomplete plumbing) while other variables were excluded because they were highly correlated with those chosen for our subset (e.g., median house value and median rent were positively correlated with median income, 0.77 and 0.74, respectively); percent of individuals with a high school education was positively correlated with the percent of individuals with a white collar job (0.90) and negatively correlated with a measure of crowding (−0.85).
The KP and DH institutional review boards responsible for the protection of human research participants approved this study.
Data Analysis
We compared individual characteristics and census tract-level characteristics of patient populations separately for DH and KP using chi-square tests for discrete variables and t tests for continuous variables. To examine the relationships between depression rates and both individual and census tract level variables, we conducted stratified analyses by health system because these relationships may differ between systems, and we were unable to de-duplicate patients seen within both systems. Because the outcome variable was dichotomous and individuals are clustered within census tracts, we fit non-linear mixed models with logit link function and census tracts as clusters. First, bivariate analyses were run to examine relationships between depression rates and individual and census tract level variables, stratified by health system. We then examined the relationship of each census tract level variable to depression rates, after adjusting for individual-level variables, in order to determine the unique contribution of neighborhood factors to depression rates, independent of individual demographic and clinical factors. Because of the high correlation among census tract level variables, in multivariate modeling, they were examined separately adjusting for individual characteristics.
Results
A total of 165,600 patients (64,252 from DH and 101,348 from KP) met the criteria for inclusion in the cohort. Table 1 shows demographic variables for the combined and separate DH and KP patient cohorts, confirming differences between the populations served.
Compared to KP patients, DH patients were younger, with a higher proportion of females, greater racial and ethnic diversity (a higher proportion of blacks and Hispanics), a lower proportion with multiple chronic conditions, and a lower rate of depression diagnosis. Table 2 shows census tract characteristics for the combined and separate DH and KP cohorts, further demonstrating substantial differences between neighborhoods where the DH and KP populations reside. Overall, the DH population was significantly more disadvantaged than the KP population. Specifically, DH patients lived in census tracts with lower average incomes, residential stability, educational level, owner occupancy, and higher rates of foreign born residents, unemployment, serious crime, public assistance, poverty, and single mother households. Tables 3 and 4 show the associations between depression rates and individual-level and census tract-level variables. Because of the significant differences in individual and census tract variables between the DH and KP patient cohorts, we conducted these multilevel analyses separately for each. Consistent with previous studies of demographic factors associated with depression, higher rates of depression were observed with greater age, female gender, white non-Hispanic race, and a greater number of medical comorbidities. This pattern of findings was the same for DH and KP cohorts. Tables 3 and 4 also display the associations of individual census tract variables with depression prevalence for DH and KP patients separately, after adjusting for age, gender, race, and CCI. Table 3 shows that among DH patients, higher rates of depression were associated with 7 of the 10 census tract variables, including a higher serious crime rate, higher percentage with a high school diploma, and a lower percent of foreign-born residents, owner occupied homes, single-mother households, and lower rates of residential stability and unemployment. There were non-significant associations between prevalence of depression and the percent of households below 100% of federal poverty level, median household income, and the percent of households on public assistance. Table 4 shows that among KPCO patients, higher rates of depression were associated with 3 of the 10 census tract variables, including with higher percentages of residents with a high school diploma and lower rates of owner occupancy and residential stability. Depression prevalence was not significantly associated with the serious crime rate, median household income, unemployment rate, or the percent of households below 100% of federal poverty level, foreign-born residents, households on public assistance, and single-mother households.
Discussion
This study demonstrates the feasibility of combining EHR and census tract data for use by a local public health department in identifying factors associated with neighborhood-level variations in depression prevalence. Our findings also replicate previously documented associations between depression and higher age, female gender, white race, and one or more chronic conditions. These findings were similar for demographically different patient populations seen in two different health systems, suggesting that the data may have utility for public health surveillance.
Our results also highlighted substantial differences between neighborhood characteristics of DH and KPCO Median household income patients, providing complementary data to describe residents of Denver County and warranting analyses stratified by health system. Despite these differences, a similar pattern of relationships between depression rates and some neighborhood characteristics were found for the DH and KPCO patient cohorts, after adjusting for age, gender, race, and chronic conditions. For both patient cohorts, higher depression rates were associated with lower rates of residential stability and home owner occupancy (possible indicators of low community cohesion and consistent with other research) [14, 15] . The finding that higher depression rates were associated with a higher percent of high school educational attainment seems counterintuitive in light of assertions in the literature that low educational attainment is associated with depression. However, the relationship between educational attainment and depression is inconsistent across studies [16] and varies by gender as well as other contextual factors [17, 18] . In addition, educational attainment has often been treated as an individual factor for which to control in multivariate models of other risk factors for depression, thus lessening the opportunity to observe its own unique contribution to depression [19] . Of additional interest was the finding for both patient cohorts that depression rates were not significantly associated with neighborhood indicators of economic disadvantage, after adjusting for individual-level data, including the percent of households below 100% of [14, 15, [20] [21] [22] , it is important to consider whether other protective factors buffer this risk. In fact, the receipt of public assistance may be one such factor, and we found that it had a moderately strong, though not surprising, relationship with the percent of households below 100% of federal poverty level (r = 0.599, P < 0.0001).
For the DH patient cohort only, a higher serious crime rate was associated with higher rates of depression, another indicator of neighborhood disadvantage and low community cohesion. We also found an association between lower depression rates and higher rates of foreign born residents. One explanation for this finding is that language and cultural barriers may lessen the likelihood that depression is recognized and addressed by healthcare providers. Another explanation is that a higher rate of foreign born residents in a given census tract may reflect more social cohesion among immigrant communities, buffering against depression. The other finding unique to the DH patient cohort was that lower depression rates were associated with higher rates of single mother households, possibly due to competing demands during medical visits where patients and providers focus on higher priority social concerns (e.g., food, housing) than depression.
An apparently counterintuitive finding was that higher depression rates were associated with a lower unemployment rate. However, we observed a moderately strong relationship between unemployment and receipt of public assistance (r = 0.466, P < 0.0001), suggesting a possible buffering effect similar to our findings for poverty rates and depression.
Finally, the finding that more neighborhood-level variables were related to depression among DH than KP patients suggests that these variables exert a greater influence on mental health among a more socioeconomically disadvantaged population. This finding is consistent with Chetty and colleagues' finding that the community in which one lives is significantly related to mortality for those with low income but not among the most affluent. [23] .
This study had some limitations. Depression diagnoses in both systems may have been recorded for individuals with better access to mental health services than their counterparts in the same communities, because of either greater economic resources or healthcare benefits through their employers. In addition, the diagnosis of depression in the patient cohorts we identified may have represented those who were more proactive in seeking and receiving effective mental health care. In the former case, the DH and KPCO patient cohorts may have underrepresented economically disadvantaged individuals in their respective neighborhoods and, in the latter case, they may have underrepresented individuals with lower levels of personal resources (self-efficacy or resilience) and/or social support. Moreover, because racial/ethnic differences exist in the diagnosis and treatment of depression [24] , there is a greater potential for such bias in the DH population, given its greater diversity. For example, compared to whites, rates of depression diagnosis across 11 US healthcare systems were 68% lower for Asians, 32% lower for blacks, and 30% lower for Hispanics [25] .
Additionally, we were unable to aggregate data from DH and KPCO because we used de-identified data, which prevented us from identifying individuals receiving care in both delivery systems. Approaches to address this issue are being developed by local health information exchanges, and hold promise to overcome this current limitation to the use of EHR data in public health surveillance.
Another limitation of this study was that the data were cross sectional and therefore we were unable to examine pathways by which changes in individual and neighborhood characteristics influence susceptibility to depression, providing a more complex and dynamic conceptual framework for how these characteristics lead to incident depression cases [26, 27] .
An additional limitation was that lifestyle/risk factors previously been found to be associated with depression, such as physical inactivity, obesity, smoking, excessive drinking, and insufficient sleep, were not widely available from the EHR in either system and therefore could not be assessed in our analyses. However, as health systems increasingly capture such patient-reported information in their EHRs, they can be included in future research as important risk factors for depression.
Finally, nearly 14% of race and ethnicity data obtained from the EHRs of DH and KPCO were missing. However, the relationship between race/ethnicity and depression was consistent with other findings [25] , suggesting that the missing data on race/ethnicity did not substantially bias our findings.
Despite these limitations, our findings support the feasibility of linking individual-level data from health system EHRs with neighborhood-level data to illustrate the contribution of both to variation in depression across neighborhoods. Although demographic variables such as race/ethnicity can be estimated from census data, the addition of individual-level data provides more precision in the analysis, allowing for a more accurate assessment of their relative contribution to depression.
Findings from this study also suggest additional explanatory analyses to facilitate understanding of interrelationships among the linked data set, including analysis of the interaction between education and gender, as well as the possible buffering effect of public assistance on poverty and unemployment.
Our results may be useful for public health surveillance and community engagement strategies. The availability of information at the local level on the prevalence of depression and its individual and neighborhood correlates provides the foundation for community engagement efforts that help identify unmet needs for treatment, local assets and resources, and effective individual-and neighborhood-level interventions that can be implemented to reduce the burden of depression [19, 27] .
Public Health Implications
Our findings support the feasibility of linking health system and community data to illustrate the contribution of individual-and community-level risk factors for depression. These results may inform future public mental health surveillance efforts and facilitate collaboration with community stakeholders in developing services targeted to individuals in communities at higher risk for depression.
